Abstracts Biogenic matter characteristics and radiocarbon contents of organic carbon (OC) were examined on sinking particle samples intercepted at three nominal depths of 1000 m, 2000 m, and 3000 m (50 m above the seafloor) during a 3 year sediment trap program on the New England slope in the Northwest Atlantic. We have sought to characterize the sources of sinking particles in the context of vertical export of biogenic particles from the overlying water column and lateral supply of resuspended sediment particles from adjacent margin sediments. High aluminum (Al) abundances and low OC radiocarbon contents indicated contributions from resuspended sediment which was greatest at 3000 m but also significant at shallower depths. The benthic source (i.e., laterally supplied resuspended sediment) of opal appears negligible based on the absence of a correlation with Al fluxes. In comparison, CaCO 3 fluxes at 3000 m showed a positive correlation with Al fluxes. Benthic sources accounted for 42 63% of the sinking particle flux based on radiocarbon mass balance and the relationship between Al flux and CaCO 3 flux. Episodic pulses of Al at 3000 m were significantly correlated with the near-bottom current at a nearby hydrographic mooring site, implying the importance of current variability in lateral particle transport. However, Al fluxes at 1000 m and 2000 m were coherent but differed from those at 3000 m, implying more than one mode of lateral supply of particles in the water column.
Introduction
Studies seeking to understand sinking particle flux and related biological carbon pump using time-series sediment trap moorings have been carried out at numerous locations [e.g., Honjo et al., 2008; Turner, 2015] . Many of these stations represent open ocean environments where particle flux is mainly controlled by production and export of biogenic particles from the overlying surface ocean. Moreover, studies have mostly focused on the attenuation in flux, biogenic matter degradation, and remineralization during the vertical transit of particles from surface to deep waters, as well as their sedimentation. While much remains to be understood concerning the underlying mechanisms, these studies have helped to develop the concept and advanced our understanding of the biological pump, and on its role in the ocean's ability to take up atmospheric CO 2 [Turner, 2015] .
Continental margins account for 10-20% of marine primary production and >40% of carbon sequestration by the oceanic biological pump globally [Hedges, 1992; Behrenfeld and Falkowski, 1997; Muller-Karger et al., 2005] . Continental margins are energetic and dynamic environments that are influenced by tidal action as well as strong across-and/or along-shelf currents. At some locations, these along-shelf currents are strong enough to resuspend surface sediments and transport clay-and silt-sized particles [Hollister and McCave, 1984; Inthorn et al., 2006; Karakas et al., 2006; McCave and Hall, 2006; Bao et al., 2016] . In addition, cross-shelf currents and jets that emanate from the shelf break can entrain fine particles and transport them toward the interior of the ocean [Pickart, 2000; McCave et al., 2001] . Therefore, characteristics and trajectories of particle flux over continental margins can differ markedly from those in the open ocean.
Several previous studies have reported lateral transport of particulate organic carbon (POC) at various locations over continental margins evidenced by direct observations and indirect implications of particle properties (see references in Hwang et al. [2009b] ). Hollister and Nowell [1991] provided photographic evidence that strong currents are not confined to the shallow continental shelf but are widespread near the seafloor throughout the ocean basins (see Figure 1 in their paper). In particular, evidence for intermittent sedimenttransporting events has been found for the western flank of the North and South Atlantic basin, around South Africa, and circum-Antarctic region [Hollister and Nowell, 1991] . Sediment mobilization inevitably also transports POC because of the tight association between high surface area mineral (clay) particles and organic matter [e.g., Keil and Hedges, 1993; Mayer, 1994] . This portion of POC is presumably aged and more refractory in nature [e.g., Pusceddu et al., 2005] due to temporary storage in sediments and close association with fine-grained minerals. Resuspension of aged POC into the water column is thus likely to influence the quality of POC as food to zooplankton and other heterotrophic organisms. Characterization of the fluxes and composition of sinking particles on continental margins is necessary to better understand POC transport and burial in these productive and dynamic environments [Muller-Karger et al., 2005; Dunne et al., 2007; Thunell et al., 2007] .
We initiated a study to examine sinking and suspended particles, as well as underlying sediments in order to understand the modes and dynamics of particle transport over the New England slope on the NW Atlantic margin. This region is a dynamic environment that is influenced by the interaction of two major current systems -the Deep Western Boundary Current (DWBC) and the Gulf Stream. These are major limbs of the Meridional Overturning Circulation of the North Atlantic Ocean at midlatitude, with the Gulf Stream transporting warm water poleward and the DWBC transporting colder intermediate and deep waters southward [Toole et al., 2011] . A major focus of our study was to understand the role of the DWBC as a conduit for along-margin particle transport and the source(s) of organic matter deposited in the vicinity of the DWBC, and to assess temporal variability of lateral particle transport in the context of hydrographic properties [Hwang et al., 2009b] . The results from an initial 1 year study of the properties of sinking particles and suspended particles have been reported previously [Hwang et al., 2009a [Hwang et al., ,2009b . The examination of the sinking particle samples collected from summer 2004 to summer 2005 strongly implied that lateral input of resuspended sediment particles was a prominent feature at this site. We found that at least two modes of lateral particle transport exist through intermediate nepheloid layers (INLs) and benthic nepheloid layers (BNLs). Supply of resuspended sediment emanating from the shelf break appears to form the INLs [Hwang et al., 2009a] . In contrast, relatively brief turbidity pulses appeared to supply laterally transported particles near Figure 1 . Satellite-derived sea surface temperature (SST) on January 1, 2005 overlain on bathymetry in the northwest Atlantic. Sediment trap mooring station (large circle) and MMP moorings (small circles) along the Line W transect are indicated. The rectangle denotes the area for which chlorophyll-a concentrations were obtained. This area roughly corresponds to the provenance of fresh sinking POC based on alkenone-temperature [Hwang et al., 2014] . the bottom [Hwang et al., 2009b] . Based on radiocarbon mass balance, we estimated that between 24 and 34% of sinking POC intercepted by the traps and between 15 and 54% of fine suspended POC was derived from lateral advection of resuspended shelf and/or slope sediment [Hwang et al., 2009a [Hwang et al., ,2009b .
Building on these previous studies [Hwang et al., 2009a [Hwang et al., ,2009b [Hwang et al., ,2014 investigating the influence of lateral supply of resuspended particles on POC, here we report time-series sinking particle flux and composition data extended to 3 years, from summer 2004 to summer 2007, and examine temporal variations in the context of local hydrographic conditions. Our findings from this extended time-series data set reinforce the main observations from the initial investigation, and shed further light on the major factors controlling the observed particle fluxes and compositions. We assess results in the context of production and vertical transport of biogenic particles, and lateral input of resuspended sediment particles in relation to hydrographic conditions and the strength of the DWBC.
Methods
The bottom-tethered mooring was deployed at 39.58N, 68.38W within the core of the DWBC on the New England slope (Figure 1 ). Three conical sediment traps (McLane Mark-7) [Honjo and Doherty, 1988] were deployed at three nominal depths of 1000 m, 2000 m, and 3000 m (50 m above the seafloor) from summer 2004 to summer 2007, with hiatuses of 1-2 months due to recovery and redeployment of the moorings. Trap depths, duration, sample cup opening intervals, location, and water depth of each deployment are listed in Table 1 . A SBE19 SEACAT CTD equipped with an optical backscatter sensor (Seapoint Turbidity Meter) was attached to the 3000 m trap frame during the second year deployment and yielded temperature, salinity, pressure, and turbidity data at 10 min interval.
During each deployment, 13 samples were collected from the 1000 m trap and 21 samples each from 2000 m and 3000 m traps. Sampling cups of the 1000 m and 2000 m traps of the first and second year deployments were filled with seawater treated with various preservatives such as HgCl 2 , formalin, Lugol's solution, DMSO (dimethyl sulfoxide), and HISTOCHOICE TM for the purpose of testing their relative efficiency of DNA preservation (not discussed further in this paper; see supporting information Table S1 for details [Dennett and Manganini, 2006] ). HgCl 2 was used for the 3000 m trap of the first and second year deployments, and was exclusively used for the third year deployment. Upon trap recovery the cups were capped and stored in a refrigerator until processing. At Woods Hole Oceanographic Institution (WHOI), samples were separated into two size fractions, > 1 mm and < 1 mm, by sieving. Each sample < 1 mm was divided into ten equal aliquots in either 40 ml glass vials or 50 ml polypropylene conical centrifuge tubes using a wet sample splitter McLane Research Laboratories, Inc.) .
Samples for elemental analysis were deposited on preweighed 25 mm or 47 mm polycarbonate filters, rinsed with ultrapure (Milli-Q) water and then air-dried at 608C overnight. The mass of both size-fractions was determined for flux determination. For further chemical analyses, only fractions < 1 mm were used. Total carbon and nitrogen contents were analyzed using a Perkin-Elmer 2400 CHN analyzer. Concentrations of elements (Al, Ca, Fe, and Si) were measured using an ICP-ES (Jobin-Yvon Horiba ULTIMA2) [Honjo et al., 1995] . Concentrations of lithogenic particles, biogenic opal, and CaCO 3 were estimated from Al, Si, and Ca concentrations [Taylor and McLennan, 1985; Honjo et al., 1995] . Briefly, the lithogenic material content was estimated under the assumption that Al was exclusively supplied by lithogenic debris (i.e., lithogenic material content 5 Al312.15 5 Al/0.0823, where 0.0823 is the content of Al in the average continental crust [Taylor, 1964] ). Opal and CaCO 3 was estimated from the following equations, respectively: Opal 5 biogenic Si32.4 5 (total Si -3.53Al)32.4, and CaCO 3 5 biogenic Ca32.5 5 (total Ca -0.53Al)32.5 [Valdes et al., PIC 5 (total Ca -0.53Al)30.3. PIC content of several selected samples from the first year deployment (n 5 18) was also determined by coulometric titration using UIC Coloumetrics equipped with an acidification module CM5130. The difference of PIC contents in per cent determined by both methods was 0.2 6 0.6 (relative difference 5 2.6 6 12%). Organic carbon content was estimated as the difference between the total carbon and PIC. Particulate organic matter was estimated to be 2.53POC [Thunell, 1998] . The samples treated with DMSO and Histochoice gave unusually low values for Ca, and for Al, Si, and Ca, respectively. Hence, information of flux and concentration of each element and biogenic component on these samples was deemed unreliable (supporting information Table S1 ) and was not used for calculation of annual average values or any statistical analyses (shown as gaps in Figure 3 ). The concentration and flux of C 37:2 and C 37:3 alkenones have been published previously [Hwang et al., 2014] .
For carbon isotope analysis, only samples treated with HgCl 2 or formalin were used. Fractions < 1 mm were used except for 5 samples that were subsampled before size-fractionation (samples #1, 5, 13 of the 1000 m trap and samples #5, 11 of the 3000 m trap of the first year deployment). Supernatant seawater was removed from the vials and the residues were then freeze-dried. Samples treated with formalin were rinsed with Milli-Q water three times before freeze-drying to remove formaldehyde. D
14
C values of the formalintreated samples did not exhibit any noticeably spurious behavior (supporting information Figure S1 ). Influence of formalin as a preservative on carbon isotope values were argued to be negligible [Honda et al., 2000, and references therein] . Dried aliquots of samples selected for carbon isotopic analysis were spread on petri-dishes and exposed to concentrated HCl vapor in a desiccator for 12 h at room temperature to remove inorganic carbon [Hedges and Stern, 1984; Komada et al., 2008] . Each HCl-fumed sample was packed in doubled quartz tubes with CuO and silver wires, evacuated on a vacuum line, flame-sealed, then combusted at 8508C for 5 h. Produced CO 2 gas was cryogenically purified on a vacuum line. Both stable-and radio-carbon isotope ratios were measured at the National Ocean Sciences Accelerator Mass Spectrometry facility at WHOI [McNichol et al., 1994] . Three duplicate radiocarbon analyses yielded Chlorophyll-a concentration data were retrieved from NOAA website (http://las.pfeg.noaa.gov/oceanWatch/ oceanwatch.php). 8 day composite chlorophyll-a concentration data at 6 locations slightly upstream from the mooring site [(39.58N, 68.28W), (40.0, 68.0), (40.0, 67.4), (40.5, 67.4), (40.0, 67.0), (40.5, 67 .0); indicated as a box in Figure 1 ] were averaged. This region was chosen as the potential provenance of the biogenic particles intercepted by the traps based on the alkenone-derived temperature data [Hwang et al., 2014] .
Results

Particle Flux and Composition
Particles > 1 mm accounted for a small fraction of the total particle flux (average 5 5 6 5%; supporting information Table S1 ). This > 1 mm fraction contains swimmers that are not considered as part of passive particle flux. Hence, we focus our discussion on the particulate matter within the < 1 mm fraction. The mass flux of particles < 1 mm was highly variable temporally, ranging from 36 to 550 mgm 22 d 21 ( Figure 2a ).
Oftentimes, peak values were considerably higher than the adjacent samples. The particle fluxes at three depths were not strongly coupled both in terms of temporal variation and magnitude. High values were mostly observed at 3000 m. Also the particle flux was more variable at 3000 m than at the other two trap depths. The particle fluxes at 2000 m and 3000 m were similar with the exception of the first year when the annual average particle flux at 1000 m (209 6 94 mgm 22 d 21 ) was higher than at 2000 m (165 6 100 mgm 22 d 21 ). Consequently, the particle flux did not exhibit a decreasing trend with increasing depth. The average particle flux (6 temporal variability) was 163 6 77, 163 6 96, and 210 6 93 mgm (Table 2 ; note that the reported variability about the average values reflects temporal variability within the time-series data, not measurement uncertainty).
In comparison with the total particle flux, POC flux at 1000 m was considerably higher than that at greater trap depths ( Figure 2b ). Only occasionally, POC flux at 2000 m and 3000 m was higher than that at 1000 m. In general, POC flux at 2000 m and 3000 m were more coherent in terms of both seasonal variation and magnitude. The average POC flux (6 temporal variability) was 11.5 6 5.5, 8.5 6 6.4, and 8.5 6 6.2 mgCm 22 d 21 at 1000 m, 2000 m, and 3000 m, respectively (Table 2) . POC accounted for 2.5-13% (corresponding to 6.3-33% as organic matter) of sinking particles. The 1000 m trap showed the highest temporal variability in POC concentration (POC %). The average POC % deceased with increasing depth from 7.3 6 2.0 at 1000 m to 5.3 6 0.9 at 2000 m and 4.0 6 1.6% at 3000 m (Table 2) . Table 2 ).
The sum of three biogenic (organic matter, CaCO 3 , and opal) and lithogenic components accounted for almost all (99 6 9%) of the sinking particle flux (supporting information Table S1 ). An exception was the two samples of the 2000 m trap for which the sum was 146 and 138%. For these two samples, Al and biogenic opal fluxes were higher than those of the 3000 m trap, and thus appear suspicious. However, we do not know the cause of this potential error at present. The contribution of particulate organic matter (POM) and opal decreased with increasing depth. In general, CaCO 3 accounted for the largest fraction of sinking particulate matter (31-36%), with the exception for the 3000 m trap where lithogenic component was the largest (42%) ( Figure 3 and Table 2 ). The average contribution of lithogenic material clearly increased with increasing depth from 27 6 10 at 1000 m to 42 6 8% at 3000 m.
Carbon Isotopic Composition D
14
C values of POC (< 1mm) ranged between 153 and 280 & (Figure 2f ), and were lower than the measured values for particulate organic matter collected in surface waters from this region (158 6 7 &, n54) [Hwang et al., 2009a] Unlike open ocean sites in which particle fluxes are mainly controlled by pelagic processes, laterally transported and/or locally resuspended sediment particles appear to be another major source of particles in the study region [Hwang et al., 2009b] . We therefore attempt to interpret the concentration, flux and biogeochemical properties of each component of particulate matter (i.e., biogenic opal, CaCO 3 , POC, and lithogenic particles) as a result of mixing between these two sources (i.e., primary production in the overlying water column and resuspended sediment). Terrestrial material, another potentially important source of particles on the continental margin, would be included in either of the two sources depending on the mode of transport to the study site.
As listed in Table 2 , some parameters exhibit a decreasing concentration/flux trend with increasing depth whereas others exhibit the opposite trend, and still others exhibit no trend. In this context, properties that ) of POM, CaCO 3 , opal, and lithogenic material of sinking particles. The two samples indicated by arrows in Figure 3b are those for which the sum of the four components was abnormally high (>130% of the measured total mass, see text).
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are influenced more by the pelagic source than the benthic source include the contents and fluxes of POC, TN, and opal, whereas the content and flux of CaCO 3 appears to be strongly influenced by benthic sources and the flux of Al is almost exclusively controlled by benthic supply.
A biannual cycle of biological productivity exists in the study region, evident from satellitederived estimates of chlorophylla concentration: a larger spring bloom in March/April and a smaller fall bloom in around October/November [Yoder et al., 2001] . In general, temporal variability of POC flux and biogenic opal flux at 1000 m reflected that of chlorophyll-a in surface waters (Figure 4 This decoupling between the supply of resuspended CaCO 3 and alkenone flux is likely because surface sediment has much lower alkenone content than the sinking particles from the overlying surface water because of decomposition of alkenones during the vertical transit from production at the surface to the seafloor and subsequent degradation processes in the sediment mixed layer [Hwang et al., 2014] . The 
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vertical trend in CaCO 3 flux indicated increasing lateral supply of CaCO 3 from sediment resuspension. CaCO 3 concentration in surface sediments in this region was about 32% on average [Seiter et al., 2004] . CaCO 3 in sediments exists in various sizes from fine-grained detrital fragments to whole shells of foraminifera, coccolithophores, and other CaCO 3 -producing organisms. Most of CaCO 3 in particles in the northwestern Atlantic was reported to exist as particles smaller than 63 lm [Gardner et al., 1985] , facilitating its resuspension. Lam et al. [2015] reported that the majority (79%) of particulate inorganic carbon resides in the small size fraction (<51 lm) of the suspended particles in the nepheloid layers along Line W. When resuspended, the dissolution rate of CaCO 3 is expected to be slow because the study site lies above the carbonate compensation depth. In contrast to the 1000 m samples, no correlation was found between the CaCO 3 flux and alkenone flux at 3000 m ( Figure 5, bottom) . With the exception of a few samples, alkenone flux was low (< 2 lgCm 22 d 21 as the sum of C 37:2 and C 37:3 ) regardless of the CaCO 3 flux. In comparison, the CaCO 3 flux at 3000 m exhibited a positive correlation with Al flux (Figure 8a ), providing further evidence for a significant benthic source of CaCO 3 .
Opal flux at 3000 m did not show a significant correlation with Al flux at the corresponding depth. Seawater is undersaturated with respect to opal dissolution, and therefore a large fraction of opal is dissolved in the water column and at the water-sediment interface [DeMaster, 2013] . Resuspension of opal from sediment to the water column will further enhance its dissolution because of its protracted exposure to low saturation levels. In addition, the opal content of surface sediments in this region is low (<5%) [Seiter et al., 2004] . Therefore, contribution of opal in resuspended particles is expected to be small.
Estimation of Contribution of Benthic Sources
Total particle flux was best correlated with the flux of lithogenic material, which accounted for the largest fraction of sinking particles when all data from all depths were considered ( Figure 6 ). Pelagic input of Al from aeolian deposition was reportedly minor compared to sediment resuspension in this region [Gardner et al., 1985] . Annual dust deposition in this region was reported to be less than 1 gm , based on a global eolian model [Mahowald et al., 2005] . This value corresponds to 0.22 mgm
as Al flux, accounting for only 6%, 5%, and 3% of the average Al flux at 1000, 2000, and 3000 m, respectively. Hence, Al serves as an excellent proxy for resuspended sediment because lithogenic material represented by Al comprises a major fraction of these continental margin sediments [Gardner et al., 1985] . Lateral supply of lithogenic particles was therefore estimated simply from Al flux of sinking particles (Al flux312.15).
Radiocarbon can be used as a tracer for aged organic matter associated with resuspended sediment. D 14 C values of sinking POC are expected to show a negative correlation with Al content in sinking particles [Hwang et al., 2010] , which was clearly observed in this study (Figure 7) . The y-intercept of the extrapolated trend line on the D 14 C-Al % plot (151 6 5 &, R 2 50.57, when a linear trend line was adopted, using all available 133 data points) should correspond to the D 14 C value of the fresh POC end member, which is virtually identical to the observed D 14 C values of POC collected in the surface water at or near the study site (58 6 7 &, n54) [Hwang et al., 2009a] . However, data points exhibit significant scatter on the D Griffith et al., 2010 , and also in supporting information Table S1 ). The 1000 m trap may be more influenced by resuspension and across-margin supply from adjacent shelf sediments, whereas the 3000 m trap from slope sediments that receive materials entrained along-margin by the DWBC. Further studies using other tracers such as Nd isotopes are necessary to constrain the provenance of resuspended sediment particles collected in the sediment traps.
To estimate organic matter contributions from benthic sources (resuspension), two scenarios were adopted: resuspension mainly derived from shelf sediment (depth 5 100 m, D C (-260 &) as end member was used, contributions of resuspended sediment to POC would be 18 6 10, 20 6 8, and 22 6 12%, and the flux of fresh POC would be 9.4 6 6.0, 6.8 6 5.9, and 6.6 6 5.7 mgCm
, at 1000 m, 2000 m, and 3000 m, respectively (see Figure 9 ). If ''rebound POC'' was indeed significant, then actual contributions from the benthic source would be larger than these estimates. The fresh POC flux estimated between 1000 and 3000 m from the above scenarios corresponded to 0.60.9% of the average primary production, 980 mgCm Because the POC content of surface sediments is typically several-fold smaller than that of sinking particulate matter, overall contributions of resuspended sediment to sinking particulate load must be much higher than these estimates [Kim et al., 2015] . The CaCO 3 flux showed a positive correlation with Al flux at 3000 m, implying that benthic sources of CaCO 3 were most prominent at this depth (Figure 8) . We used the y-intercept on the plot of CaCO 3 flux versus Al flux, 26 mgm
, to infer an average CaCO 3 flux from the pelagic realm. This value corresponded to 39% of the total CaCO 3 flux at 3000 m on average, implying that the majority (61%) of CaCO 3 at this depth was supplied via sediment resuspension (Figure 9 ). The opal flux exhibited little or no correlation with the Al flux (Figure 8 ). The opal flux at 3000 m was among the lowest when Al flux was elevated (15 and 21 mgm ), suggesting that the biogenic opal content of resuspended particles was very small. Therefore, we assumed that the benthic source of opal was negligible. We estimate that benthic particle contributions, taken as the sum of fluxes of lithogenic material, CaCO 3 (observed flux -26 mgm It is more challenging to estimate the contribution of the benthic source to the CaCO 3 flux at 1000 m and 2000 m since at these trap depths the CaCO 3 flux and Al flux did not exhibit any clear correlation. We assumed that the ratio of CaCO 3 flux to lithogenic particle flux of the resuspended particles at 3000 m (40/ 8850.45, see Figure 9 ) was also applicable at the upper two depths, and estimated the flux of laterally supplied CaCO 3 based on Al flux. As a validation, we compared the increase in CaCO 3 flux from 1000 m to 2000 m (indicative of lateral supply between the two depths) to the corresponding increase in Al flux for the last three samples at 1000 m and the last four samples at 2000 m (note that the sampling intervals at the two depths were different). The ratio of CaCO 3 flux increase over Al flux increase from 1000 m to (Figure 9 ), implying that lateral supply of resuspended sediment was substantial even at these intermediate water depths.
Vertical variation in fluxes of each component is presented in Figure 9 . Pelagic POC flux attenuated by about 30% from 1000 m to 3000 m. Lateral supply of POC at three depths was almost comparable and accounted for an increasing fraction of POC flux with increasing depth. Opal flux decreased by about 26% without significant lateral supply while CaCO 3 flux decreased by about 33%. However, CaCO 3 flux was counterbalanced by lateral supply considerably, and lithogenic particle flux approximately doubled from 1000 m to 3000 m. Overall, pelagicsourced particle flux decreased from 98 to 69 mgm 22 d 21 while this flux was counteracted by increased lateral particle flux from 69 to 133 mgm 22 d 21 . Lam et al. [2015] reported that opal accounted for the smallest fraction of suspended particles throughout the water column while lithogenic component accounted for increasing fraction with increasing depth. Lithogenic component accounted for over 70% of suspended particles (especially, 79% of small size fraction) in the benthic nepheloid layer at a nearby station (Station GT11-4). When compared to the composition of suspended particles, sinking particles contained higher concentrations of opal and lower concentrations of lithogenic material.
Hydrodynamic Control of Lateral Particle Inputs
Sinking particles during vertical transit are expected to move southwestward at the trap mooring site due to prevailing currents of DWBC [Toole et al., 2011] . Each component of the southwestward flowing current (i.e., Upper Labrador Sea Water, Classical Labrador Sea Water, Iceland-Scotland Overflow Water, and Denmark-Strait Overflow Water [Toole et al., 2011] ) may entrain particles resuspended from the corresponding depths on the slope to form INLs and the BNL.
The Al fluxes at 1000 m and 2000 m were similar, but differed from that at 3000 m both in terms of magnitude and temporal variability. Together with other properties (Table 2) , the vertical distribution of Al flux implies that the lateral supply of lithogenic particles may operate differently in the water column and near the seafloor. The 3000 m trap was within the BNL [Hwang et al., 2009a] , therefore it is expected to be affected by processes occurring in the BNL in addition to those in the overlying water column. Figure S2 ). The signal did not exhibit any clear correlation with the Al flux either at 2000 m or 3000 m. Although the causes of this lack of correlation are not understood at the moment, different sensitivity of the optical backscatter sensor to small suspended particles and relatively large sinking particles may be a reason [Bunt et al., 1999] .
In order to understand the controlling mechanisms of the sporadic supply of resuspended particles within the BNL, the Al flux variability at 3000 m was compared with deep current velocities obtained by an MMP and a current meter moored at station W5, approximately 160 km downstream from the sediment trap deployment site (38.0738N, 68.6678W; Figure 1) . It is well known that resuspension of sediment is primarily linked with seabed shear stress induced by bottom currents [Valipour et al., 2017, and references therein] . Since no bottom current measurements were conducted at the trap mooring site, we used near-bottom current velocity data obtained from station W5 to draw comparisons with the Al flux variability by means of time-lagged cross correlation analysis. The raw data were filtered using the Butterworth low-pass filter with a half-power cutoff at 14 days after daily interpolation in order to quantify the correlation. Degree of freedom for this correlation was about 40. The near-bottom current velocity and Al flux showed the maximum correlation with the former leading the latter by 25-35 days (Figure 10c ). The strong near-bottom current events were likely associated with bottom-intensified characteristics of deep currents. Vertical difference of current speeds at 3000 m and 3500 m (DU 5 U 3500m -U 3000m , where U is current speed, as a proxy of sheer stress) obtained from the MMP exhibited similar variability to the near-bottom current variability. The bottom-intensified deep currents and Al flux also exhibited the maximum correlation, similar with the case of near-bottom current, at time lags of 2535 days.
The bottom-intensified flows are often regarded as footprints of topographic Rossby waves. The existence of topographic Rossby waves in this area with a period of a few weeks has been reported in several studies [Thompson, 1971; Thompson and Luyten, 1976; Fratantoni and Pickart, 2003; Peña-Molino et al., 2012] , dominantly affecting near-bottom current variability. The correlation between the Al flux and the near-bottom current implies that local resuspension events at least partly caused by strengthening of the bottomintensified deep current likely resulted in supply of sedimentary particles to the 3000 m trap. Alternatively, these properties may be a manifestation of high-current-speed events (''benthic storms'' in Hollister and McCave [1984] ). As Gardner et al. [1985] noted, horizontal advection and diffusion may be more important than local resuspension of sediments, and by inference in particle supply to the 3000 m trap. Comparison of alkenone-temperatures between sinking particles at 3000 m and the underlying surface sediment also implied that lateral transport of POC from colder regions was occurring in addition to local resuspension [Hwang et al., 2014] . In contrast, the Al flux at 1000 m and 2000 m did not show any clear correlation with the horizontal current strength measured at the Line W mooring sites, again implying different controls of lateral particle supply in the water column.
Overall, our results imply that lateral particle supply can be a major source of sinking particles in continental margin settings, augmenting (and even dominating) vertical sinking of the biogenic particles from the overlying water column. Given the widespread influence of resuspended sediments on oceanic particulate organic carbon implied by radiocarbon contents of sinking POC [Hwang et al., 2010] , this process should be incorporated in oceanic carbon cycle models. Quantitative assessment of the contribution of resuspended sediments to sinking particles in sediment trap studies will be critical to derive the global nature of this phenomenon. In addition, the role of sediment resuspension in transformation of organic matter and other biogenic particles in the water column should be carefully examined.
Summary and Conclusions
We have examined various biogeochemical properties of sinking particles intercepted at three depths on a sediment trap mooring deployed at the 3000 m isobath on the New England slope in the Northwest Atlantic Ocean. A key research objective was to understand sinking particle fluxes in the context of physical forcing factors in the water column and biological productivity in surface waters of this dynamic region where the DWBC and the Gulf Stream interact.
We have found that each component of sinking particles had different dominant sources. For example at 50 m above the seafloor, opal flux was mainly dependent on vertical supply from biological production in overlying waters whereas CaCO 3 was mainly supplied by lateral transport of resuspended sediment. About 22-36% of sinking POC was estimated to derive from sediment resuspension depending on water column depth and choice of the end member D
14
C value for the latter. While this 14 C mass balance approach and examination of correlations with Al flux sheds light on sediment resuspension as an important source of particulate matter to the water column, further geochemical investigations are necessary to establish the provenance of laterally supplied particles.
The availability of physical oceanographic data for the adjacent Line W transect proved to be useful in identifying mechanisms of sediment resuspension and particle supply within the BNL (3000 m sediment trap). Approximately 42-47% of the total particle flux at 1000 m and 2000 m, respectively, was estimated to derive from sediment resuspension. This proportion increased to 63% within the BNL, near the seafloor. Therefore, our understanding of the nature and fluxes associated with the biological pump will be prone to significant uncertainty without considering this secondary source of particles, particularly in locations that experience resuspension of sediment and subsequent lateral transport.
